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(54) Image forming apparatus 

(57) The present invention provides an optical 
exposer unit having a large space for containing black 
toner, and a color image forming apparatus comprising 
the optical exposer unit. In an optical exposer unit (1), 
first and second laser beams (LY and LM) f which are 
reflected on the respective reflection surfaces of a 
polygonal mirror unit (5) and passed in a direction far- 
ther from tops of photosensitive drums (58) than an opti- 
cal axis of an optical system including first to third 
image-forming lenses (27, 29 and 31), are reflected on 



second mirrors (35Y and 35M), and mutually crossed 
each other so as to be guided to the photosensitive 
drums (58) corresponding to third mirrors (37Y and 
37M). Thereby, a sufficient space is provided to the sur- 
roundings of a black image forming section. Therefore, 
the space for containing block toner can be largely 
ensured as compared with the space for containing the 
other color toner. 
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Description 

The present invention relates to an image forming 
apparatus such as a color printer apparatus, a high 
speed copying machine and a color copying machine, 
each having a plurality of drums. 

In an image forming unit such as a color printer hav- 
ing a plurality of drums and a color copying machine 
having a plurality of drums, there are used a plurality of 
image forming sections for forming an image in accord- 
ance with color components, which is color-separated, 
and a laser exposer unit for providing a plurality of 
image data, i.e., a plurality of laser beams every color 
component. As a laser exposer unit, there are known an 
example in which a plurality of laser exposer units are 
arranged and an example in which a multi-beam laser 
exposer unit, which is structured to be able to provide a 
plurality of laser beams. 

In Japanese Patent Application KOKAI Publication 
No. 5-83485, there is an example using N sets of a light 
source, a cylinder lens, and glass f8 lens groups, and 
N/2 of polygon mirrors wherein the number of multi- 
beams is N. For example, in the case of four beams, 
four sets of the light source, the cylinder lens glass fO 
lens groups, and two polygon minors are used. 

Japanese Patent Application No. 62-232344 shows 
an example using a lens in which at least one lens sur- 
face of f 0 lens is formed to be toric. In Japanese Patent 
Application No. 62-232344, there is proposed that some 
of f9 lenses are formed of plastic material, thereby 
improving degree of freedom in designing each lens 
surface, and deviation of the aberration characteristics 
at the position of the image-formation. Japanese Patent 
Application No. 62-232344 also describes a method for 
passing all laser beams into an only one set of the f G 
lenses. 

Japanese Patent Application KOKAI Publication 
No. 5-34612 describes a method for making the laser 
beams, which are sent from a plurality of light sources, 
incident onto one polygon mirror by use of a half minor. 

Japanese Patent Application KOKAI Publication 
No. 5-83485 discloses a unit in which a unit correspond- 
ing to four sets of laser exposer units is incorporated 
into one housing. As compared with the case using a 
plurality of exposer urtits, the space, which is occupied 
by the laser exposer unit, is reduced in this example. 
However, from the viewpoint of the single laser exposer 
unit, the cost of parts and that of the assembly rise. 
Also, the size and weight rise due to increase in the 
number of lenses or the number of mirrors. Moreover, it 
is known that the curve of the main-scanning line of the 
laser beam of each color component, or the deviation of 
the aberration characteristic on the image-forming sur- 
face such as fe characteristic becomes uneven due to 
the error of the shape of the fe lens or the position error 
of the attachment. As a result, a miss alignment of color 
components is generated at the time of a color image 
forming. 



As an example in which the first fO lens is used in 
common to the respective laser beams, the second f0 
lens, which is provided in each of the laser beams, is 
shown. However, due to the error of the shape of the fe 
5 lens or the position enor of the attachment, the same 
disadvantage as in the example described in Japanese 
Patent Application KOKAI Publication No. 5-83485, is 
generated. 

In the example described in Japanese Patent Appli- 
io cation KOKAI Publication No. 62-232344, since only the 
toric surface whose shape is not optimized is formed, 
there is a problem in which a curve of the main scanning 
line is generated in any one of the plurality of the laser 
beams. In Japanese Patent Application KOKAI Publica- 

75 tion No. 62-232344, there is proposed that a part of the 
laser beam directing to the deflector is controlled to be 
directed toward the optical axis. However, it is difficult to 
sufficiently compensate for the aberration characteris- 
tics in all image forming areas. Moreover, in Japanese 

20 Patent Application KOKAI Publication No. 62-232344, 
the amount of the refractive index of the lens, formed of 
plastic, is relatively largely changed by the change of 
temperature. Due to this, there is generated a problem 
in which the field curve and the curve of the main scan- 

25 ning line or fe characteristics are largely varied under 
the large range of environmental conditions, particu- 
larly, the change of the temperature condition. In this 
example, various conditions such as achromatism in the 
entire areas of the sub-scanning direction, the field 

30 curve, distortion of the image surface and the horizontal 
magnification must be satisfied. Due to this, there is a 
problem in which the number of lenses must be 
increased. Also, in this example, accuracy of the hous- 
ing must be extremely high to ensure degree of parallefi- 

35 zation of the main scanning line of each of the laser 
beams. Due to this, the manufacturing cost is increased. 

In the example described in Japanese Patent Appli- 
cation KOKAI Publication No. 5-34612, light density 
(amount of light) of the laser beams passing through the 

40 maximum number of half mirrors must be sufficiently 
ensured. Due to this, the size of the light source is 
enlarged. In this kind of the light scanning apparatus, 
the optical system of the back stage of the apparatus for 
separating the laser beam scanned by one scanning 

45 apparatus tends to be enlarged. 

In consideration of the above-mentioned points, in 
order to reduce the size of the multi-beam laser scan- 
ning apparatus and the manufacturing cost, it is recog- 
nized that the following point fe useful. 

50 More specifically, only one image forming lens, that 
is. fe lens is provided against all laser beams. Moreover, 
the laser beam, which is directed to the photosensitive 
lens through the fO lens, is bent by the plurality of reflec- 
tion minors. 

55 However, if the laser beam directing to the photo- 
sensitive drum is bent, there is generated a case in 
which the space between the multi-beam laser scan- 
ning apparatus and the respective image forming sec- 
tions is reduced more than necessity. Due to this, the 
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size of the toner cartridge, which is provided to be inte- 
gral with each of the image forming sections, is limited, 
and the number of times of toner supply or the number 
of time of replacement of the toner cartridge is 
increased. 5 

Moreover, in the color image forming apparatus in 
which the multi-beam laser scanning apparatus is used, 
as compared with the frequency of which the color 
image is formed, the frequency of which the monochro- 
matic image is formed with block toner becomes higher. 10 
Particularly, there is a problem in which only the number 
of times of black toner supply or the number of time of 
replacement of the black toner cartridge is increased. 

An object of the present invention is to provide a 
laser exposer unit whose thickness is small. is 

Another object of the present invention is to provide 
a laser exposer unit in which the size of a cartridge for 
containing block toner can be enlarged as compared 
with a cartridge for containing the other toner. 

In order to achieve the above object, according to a 20 
first aspect of the present invention, there is provided an 
optical exposer unit comprising: scanning means for 
continuously reflecting a plurality of light beams toward 
a scanning object; image-forming means for image- 
forming the light beams reflected by the scanning 25 
means on a predetermined position of the scanning 
object; the image-forming means including: optical 
means for providing a predetermined optical character- 
istic to each of the light beams; first reflecting means 
provided between the optical means and the scanning 30 
object with respect to the light beams; and second 
reflecting means, provided at the side of the scanning 
object rather than the first reflecting means with respect 
to the light beams, for crossing at least two of the light 
beams reflected by the first reflecting means each other 35 
so as to further reflect the light beams toward the scan- 
ning object. 

Also, according to a second aspect of the present 
invention, there is provided an optical exposer unit com- 
prising: a first light source for emitting a first light beam 40 
corresponding to a first image; a second light source for 
emitting a second light beam corresponding to a second 
image; first optical means for putting the first and sec- 
ond light beams sent from the first and second light 
sources together to form a group of light beams as one 4S 
flux of light ray; scanning means for continuously reflect- 
ing the group of light beams put together by the first 
optical means toward a scanning object; a second opti- 
cal means for separating the group of light beam passed 
through the scanning means into the first and second so 
light beams again, and for providing a predetermined 
optical characteristic to the first and second light beams 
such that each of the first and second light beams has a 
predetermined cross sectional shape when each of the 
first and second light beams reaches the scanning ss 
object; first reflecting means including i number of 
reflectors, and a number of the first reflecting means 
being at least two or more with respect to the first light 
beam passing through the farthest position from the 



scanning object to sandwich an optical axis therebe- 
tween among the light beams passed through the sec- 
ond optical means; and second reflecting means 
including j number of reflectors, and a number of the 
second reflecting means being at least two or more with 
respect to the second light beam passing through a 
position between the first light beam and the optical 
axis, the second light reflecting means arranged such 
that the light beam directing from a reflector j-1 of the 
second reflecting means to a reflector j is passed 
between a reflector i-1 of the first reflecting means and 
a reflector i-2, and the second reflecting means reflect- 
ing the first light beam such that an angle formed by an 
incident angle and a reflection angle is obtuse so as to 
be guided to the scanning object. 

Moreover, according to a third aspect of the present 
invention, there is provided an image forming apparatus 
comprising: a plurality of image carrier members; an 
optical exposer unit, having: a plurality of light sources 
arranged to correspond to the plurality of image carrier 
members, scanning means for continuously reflecting 
light beams emitted from the plurality of light sources 
toward a predetermined position of the corresponding 
image carrier members, optical means for providing a 
predetermined optical characteristic to each of the plu- 
rality of the light beams, and image-forming means for 
image-forming the light beam reflected by the scanning 
means onto a predetermined position of the image car- 
rier member, the image forming means including first 
reflecting means first reflecting means provided 
between the optical means and the image carrier mem- 
ber with respect to each of the plurality of the light 
beams, and second reflecting means, provided at the 
side of the image carrier member rather than the first 
reflecting means with respect to each of the light 
beams, for crossing at least two of the light beams 
reflected by the first reflecting means each other so as 
to further reflect the light beams toward the image car- 
rier member; and a developing unit for supplying devel- 
oping agent to an latent image formed on the image 
carrier member by the laser exposer unit so as to form a 
developing image. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction<with the accompanying drawings, in which: 

FIG. 1 is a schematic cross sectional view of a color 
image forming apparatus of an embodiment of the 
present invention; 

FIG. 2 is a cross sectional view of a laser exposer 
unit for use in the image forming apparatus of FIG. 
1; 

FIG. 3 is a view of an optical path of the laser 

exposer unit of FIG. 2 is expanded; 

FIG. 4 is a schematic perspective view of a mirror 

block of the laser exposer unit of FIG. 2; 

FIG. 5 is a schematic perspective view of a mirror 

for detecting a horizontal sync of the laser exposer 

unit of FIG. 2; 
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FIG. 6 is a cross sectional view of an optical path of 
the laser exposer unit of FIG. 2; 
FIG. 7 is a schematic perspective view showing an 
adjusting mechanism of an emission of the laser 
exposer unit of FIG. 2; 

FIG. 8 is a schematic cross sectional view showing 

a conventional laser exposer unit; 

FIG. 9 is a cross sectional view showing another 

example of the laser exposer unit of FIG. 2; 

FIG. 10 is a cross sectional view showing further 

another example of the laser exposer unit of FIG. 2; 

FIG. 1 1 is a block diagram of an image controlling 

section of the image forming apparatus of FIG. 1 ; 

and 

FIG. 12 is a schematic view showing a method of a 
resist compensation in the image forming appara- 
tus of FIG. 1. 

An embodiment of the present invention will be 
described with reference to the drawings. 

FIG. 1 is a front cross sectional view of a color 
image forming apparatus of a quadruple-drum system. 

An image forming apparatus 100 has first to fourth 
image forming units 50Y, 50M, 50C, and SOB for forming 
an image of each of components, which are color-sepa- 
rated into Y (Yellow), M (Magenta). C (Cyan), and B 
(Black). 

In general, according to the mufti-color laser beam 
printer device as shown in FIG. 1 , a unit and image data 
are discriminated by the subscripts of Y (Yellow), M 
(Magenta), C (Cyan), and B (Black). In other words, in 
the color laser beam printer, image data, which is sepa- 
rated into four colors Y, M, C, and B, and an image form- 
ing unit corresponding to each image data are generally 
used. 

The respective image forming units 50 are provided 
under a laser exposer unit 1 in series in order of 50Y. 
50M, 50C. and 50B so as to correspond to the position 
where the laser beams LY, LM, LC, LB corresponding to 
the respective color components are emitted through 
the respective third mirrors 37Y. 37M, 37C, and 33B. 

A transfer belt 52 is provided under the respective 
image forming units 50 to transfer an image formed by 
the respective image forming units 50 Y, 50M, 50C, and 
50B. 

The transfer belt 52 is stretched onto a bett drive 
roller 56 and a tension roller 54, and rotated at a prede- 
termined speed in a direction where the belt drive roller 
56 is rotated. 

The respective image forming units 50Y, 50M, 50C, 
and SOB include photosensitive members 58Y, 58M. 
58C. and 58B. The photosensitive members 58Y, 58M. 
58C, and 58B, which are shaped like a cylindrical drum 
to be rotatable in a direction of an arrow, form an elec- 
trostatic latent image corresponding to each image. 

There are arranged charge units 60 (Y, M f C. B), 
developing units 62 (Y, M, C, B), transfer units 64 (Y t M, 
C, B) ( cleaners 66 (Y, M, C. B). and discharge units 69 
(Y, M. C, B) around the respective photosensitive mem- 



bers 58Y, 58M, S8C ( and 58B in order of the rotational 
direction of the photosensitive members 58 (Y, M. C, B). 

Each of the charge units 60 provides a predeter- 
mined voltage on the surface of each of the respective 
5 photosensitive members 58 (Y, M, C, B). 

Each of the developing units 62 develops the elec- 
trostatic latent image on the surface of each of the pho- 
tosensitive members 58 with toner to which the 
corresponding color is provided. 
10 Each of the transfer units 64 transfers an toner 
image, which is formed on each of the photosensitive 
members 58, to a recording medium, which is trans- 
ferred through the transfer belt 52, in a state that the 
transfer belt 52 is provided between each of the photo- 
is sensitive members 58 and each of the transfer units 64 
to be opposite to each of the photosensitive members 
58. 

Each of the cleaners 66 removes the residual toner, 
which is left on each of the photosensitive members 58 
20 after each toner image is transferred through each of 
the transfer units 64. 

Each of the discharge units 68 removes the resid- 
ual voltage, which is left on each of the photosensitive 
members 58 after each toner image is transferred 
through each of the transfer units 64. 

Irradiation of the respective laser beams LY. LM. 
LC, and LB, which are guided by the respective mirrors 
37Y. 37M, 37C. 33B of the laser exposer unit 1 . is pro- 
vided between the respective charge units 60 (Y, M. C. 
B) and the respective developing units 62 (Y. M, C, B). 

A paper cassette 70 is provided under the transfer 
belt 62 to contain the recording medium for transferring 
the image formed by each of the image forming units 50 
(Y, M, C, B), that is. paper P. 

A feeding roller 72 having a semicircular cross sec- 
tion is provided at the position, which is one end portion 
of the paper cassette 70 and a portion close to the ten- 
sion roller 54, so as to pick up paper P contained in the 
paper cassette 70 one by one from the uppermost sec- 
tion. 

A resist roller 74 is provided between the feeding 
roller 72 and the tension roller 54. The resist roller 74 is 
used to conform the top end of one paper P, which is 
picked up from the cassette 70, to the top end of each 
toner image formed on the respective image forming 
units 50, particularly the toner image formed on the pho- 
tosensitive member 58B by the image forming unit 50B. 

There is provided an absorption roller 74 at a por- 
tion between the resist roller 74 and the first image 
forming unit 50Y, that is, a portion close to the tension 
roller 54, substantially on an outer periphery of the ten- 
sion roller 54. The absorption roller 76 provides a pre- 
determined electrostatic absorption. The axis of the 
absorption roller 76 and the tension roller 54 are 
arranged to be parallel with each other. 

There are provided resist sensors 78 and 80 at a 
portion, which is one end of the transfer belt 52, and 
close to the belt drive roller 56, substantially on an outer 
periphery of the belt drive roOer 56 to have a predeter- 
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mined distance in an axial direction of the belt drive 
roller 56. The resist sensors 78 and 80 detect the posi- 
tion of the image formed on the transfer belt 52 (FIG. 1 
is the front cross sectional view showing only the back 
sensor 80). 

A transfer belt cleaner 82 is provided on the transfer 
belt 52 corresponding to the outer periphery of the belt 
drive roller 56. The transfer belt cleaner 82 removes 
toner adhered onto the transfer belt 52 or paper dust 
from paper R 

A fixing unit 84 is provided in a direction where 
paper P transferred through the transfer belt 52 is 
detached from the tension roller 56 and further trans- 
ferred. The fixing unit 84 is used to fix the toner image, 
which is transferred onto the paper P, to paper R 

FIG. 2 is a schematic cross sectional view of a 
multi-beam laser scanning apparatus, which is used in 
the image forming apparatus of FIG. 1 . 

According to FIG. 2, the multi-beam laser exposer 
unit 1 has first to fourth semiconductor lasers (plurality 
of light sources) 3Y, 3M, 3C. and 3B and a polygonal 
mirror unit 5 (deflecting means). The first to fourth sem- 
iconductor lasers 3 (Y, M, C, B) generate first to fourth 
laser beams LY, LM, LC, and LB corresponding to image 
data, which is color-separated in accordance with color 
components, respectively. The polygonal mirror unit 5 
deflects each of the laser beams LY. YM, LC. and LB 
emitted from each of the lasers 3Y. 3M. 3C, and 3B 
toward the image-forming object, which is provided at a 
photosensitive member to be described later, at a pre- 
determined constant angular speed. 

The semiconductor laser 3Y, 3M, 3C, and 3B are 
arranged in order of> 3Y, 3M. 3C, and 3B toward the 
polygonal mirror unit 5 to have a predetermined angle. 
The laser 3B corresponding to the B (Black) image is 
provided such that the laser beam LB. directing from the 
laser 3B toward the reflecting surface of the polygonal 
mirror unit 5, can be made incident onto the polygonal 
mirror unit 5 without being reflecting by mirrors to be 
described later. 

As shown in FIG. 3, a plurality of pre<Jeflection opti- 
cal systems (first optical means) 7 (Y, M, C, B) is pro- 
vided between each of the lasers 3 (Y, M, C, B) and the 
polygonal mirror unit 5. The pre-deflection optical sys- 
tems 7 (Y, M, C, B) are light source side optical systems, 
which are used such that the cross section beam spot of 
each of the laser beams LY, LC. LM, and LB is adjusted 
to have a predetermined shape. 

The polygonal mirror unit 5 includes a polygonal 
mirror body 5a in which eight-face plane reflectors are 
arranged in a shape of a regular polygon, and a motor 
5m, which rotates the polygonal mirror body 5a in a pre- 
determined direction at a fixed speed. The polygonal 
mirror body 5a is formed of. for example, an aluminum 
alloy. 

The preelection optical systems 7 (Y, M, C, B) 
have finite focal lenses 9 (Y, M, C, B), hybrid cylinder 
lenses 11 (Y, M, C, B), respectively, and only one pre- 
deflection mirror block 13. Each of the finite focal lenses 



9 (Y. M. C. B) of the first optical means L (Y. M, C, B), 
which are emitted from each of the lasers 3 (Y. M, C. B), 
in both a main-scanning direction, and a sub-scanning 
direction. The main-scanning direction is a first direction 

5 where the laser beams L (Y, M, C, B) are deflected by 
the polygonal mirror unit 5, and the sub-scanning direc- 
tion is a second direction, which is perpendicular to the 
first direction. Each of the hybrid cylinder lenses 11 (Y. 
M, C, B) of the first optical means provides further con- 
ro vergence to the laser beam passed through the finite 
focal lenses 9 (Y, M, C, B) only in the sub-scanning 
direction. The mirror block 1 3 of the first optical means 
is used to bend each of three laser beams passed 
through the hybrid cylinder lens 1 1 (Y. M. C. B) toward 
15 each of the reflecting surfaces of the polygonal mirror 
unit 5. The laser beams 3 (Y, M, C. B). the finite focal 
lenses (Y. M, C. B), the hybrid cylinder lenses 11 (Y, M, 
C, B) and the mirror block 13 are integrally arranged on 
a support member 15. which is formed of. for example, 

20 an aluminum alloy. 

As the finite focal lenses 9 (Y ? M, C, B), there is 
used an aspherical glass lens or a lens formed by 
adhering an UV (ultraviolet) light-harding plastic-made 
aspherical portion to the surface of the spherical glass 

25 lens. The respective finite focal lenses 9 (Y, M. C. B) are 
fixed onto the support member 15. which are formed of 
material having substantially the same coefficient of 
thermal expansion as the support member 15. such as 
a barrel, a lens tube, a lens holding member, a lens 

30 holding ring, a lens sleeve or a lens holder. 

The hybrid cylinder lenses 11 (Y. M, C, B) include 
plastic cylinder lenses 1 7 (Y, M, C, B) and glass cylinder 
lenses 19 (Y, M, C, B). respectively. Substantially the 
same radius of curvature is provided to the plastic cylin- 

35 der lenses 17 and the glass cylinder lenses 19 in the 
sub-scanning direction. 

The plastic cylinder lenses 17 (Y, M, C, B) are 
formed of material such as RMMA (polymethyl methacr- 
ylate) and the glass cylinder lenses 19 (Y, M, C, B) are 

40 formed of, for example. SFS1. The plastic cylinder 
lenses 17 and the glass cylinder lenses 19 are fixed 
onto the support member 1 5 through lens holding mem- 
ber (not shown), which are formed of material having 
substantially the same coefficient of the thermal expan- 
ds sion as the support member 15. The finite focal lenses 
9 (Y, M. C, B) and the hybrid cylinder lenses 1 1 (Y, M, C. 
B) may be supported by the same lens holding member. 

FIG. 4 shows a mirror block 13. which is mounted 
on the laser exposer unit of FIG. 2, in details. 

so The mirror block 13 includes a block body 13a and 
a plurality of mirror portions 13 (Y, M, C). The block body 
13a is formed of material having a low coefficient of 
thermal expansion such as an aluminum alloy. Each of 
the mirror portions 13Y. 13M and 13C are arranged on 

55 a predetermined surface of the block body 13a The 
number of the mirror portions is set to be minus 1 from 
the number of colors separated in accordance with the 
color component which can be image-formed. 
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According to FIG. 4, the mirror block 13 is used to 
guide the first to fourth laser beams L (Y, M, C, B), serv- 
ing as one flux of the laser beam, to the respective 
reflecting surfaces of the polygonal mirror unit 5. 

More specifically the mirror block 1 3 in the first opti- s 
cal means includes first to third reflecting surfaces 13Y, 
1 3M, and 1 3C, and a passing area 1 3B. The first reflect- 
ing surface 13Y is used to bend the laser beam LY emit- 
ted from the laser 3Y to be guided to each of the 
reflecting surfaces of the polygonal mirror unit 5 10 
(deflecting means). The second and third reflecting sur- 
faces 13M and 1 3C are used to bend the laser beam 3C 
toward each of the reflecting surfaces of the polygonal 
mirror unit 5. The passing area 13B is used to directly 
guide the laser beam LB from the laser 3B to each of the is 
reflecting surfaces of the polygonal mirror unit 5. 

Each of these reflecting surfaces 13Y, 13M, and 
1 3C is cut at a predetermined angle to the laser beam 
LB directly moving through the block body 1 3a. Thereaf- 
ter, the cut surface is coated with material having high 20 
reflectance such aluminum or such a material is depos- 
ited thereon. The cut surfaces may be polished. 

According to the mirror block of FIG. 4, since the 
reflecting surfaces 13Y, 13M. and 13C are cut from one 
block body 1 3a, the relative inclination error of each mir- 2s 
ror is reduced. As a method for manufacturing the block 
body 13a. a die-cast method can be used. Therefore, 
there can be obtained a mirror block having high preci- 
sion. 

As already explained above, the laser beam LB 30 
from the laser 3B is passed through the passing area 
13B on the block body 13a without crossing the mirror 
block 13 to be directly guided to each of the reflecting 
surfaces of the polygonal mirror unit 5. 

Referring to FIG. 3 again, there are provided 35 
between the polygonal mirror unit 5 and the photosensi- 
tive member 58 (Y, M, C. B) a post-deflection optical 
system 21 (second optical means), a horizontal sync 
detector 23, and a mirror block 25 (third optical means) 
for a horizontal sync. The post-deflection optical system 40 
21 is used to substantially linearly image-form each of 
the laser beams L (Y. M. C. B), which are deflected by 
the respective reflecting surfaces of the polygonal mirror 
unit 5, at a predetermined position of the photosensitive 
member 58 (Y, M. C, B). The horizontal sync detector 23 45 
detects a part of the respective laser beams L (Y, M, C, 
B), which are passed through the post-deflection optical 
system 21 , so as to define a generation timing of a hor- 
izontal sync signal to be descrfoed later. The mirror 
block 25 is provided between the post-deflection optical so 
system 21 and the horizontal sync detector 23 to reflect 
a part of the four laser beams L (Y. M, C, B), which are 
passed through the post-deflection optical system 21, 
toward only one horizontal sync detector 23. 

The post-deflection optical system 21 includes first ss 
to third image-form lenses 27, 29, and 31 so as to pro- 
vide a predetermined aberration characteristic to four 
laser beams L (Y, M, C, B), which are deflected by the 
respective reflecting surfaces of the polygonal mirror 



unit 5, in the wide scanning width, that is. the entire 
length area of the main-scanning direction at the photo- 
sensitive member 58 (Y, M, C, B) of the laser beam 
scanned on the image surface by the polygonal mirror 
unit 5. Also, the first to third image-form lenses 27, 29, 
and 31 are used to control the variation of the photosen- 
sitive member 58 (Y, M, C, B) of each laser beam. 

There are provided a first group of mirrors 33 (Y ( M, 
C, B) (first optical elements), and a second group of mir- 
rors 35 (Y, M, C) and a third group of mirrors 37 (Y. M, 
C) (second optical elements) between the third image- 
form lens 31 of the post-deflection optical system 21 
and the photosensitive member 58 (Y, M, C, B). As is 
obvious from FIG. 2. the laser beam LB corresponding 
to the B (black) image is bent by the first mirror 33B, and 
guided to the photosensitive drum 58B without reflect- 
ing through the other mirrors. In other words, the sec- 
ond mirrors 35 (Y, M, C) and the third mirrors 37 (Y, M, 
C) are respectively arranged with respect to the three 
laser beams LY, LM and LC. Then, the laser beam LY. 
which is relected on each reflection surface of the polyg- 
onal mirror unit 5 is passed in the direction farther away 
from the photosensitive drum 58 (Y, M, C, B) than the 
optical axis O of the first to third image-form lenses 27. 
28, and 31. Also, the laser beam LM which is reflected 
on each reflection surface of the polygonal mirror unit 5 
is passed between the laser beam LY and the optical 
axis O. Then, these laser beams LY and LM are 
reflected by the second mirrors 35Y and 35M, and 
crossed with each other. Thereafter, these laser beams 
LY and LM are guided to the corresponding photosensi- 
tive drums 58Y and 58M by the third mirrors 37Y and 
37M. 

When the number of the mirrors 33Y to 37Y is 
shown by 1 to i and the number of the mirrors 33M to 
37M is shown by 1 to j, the first and second laser beams 
LY and LM, which are scanned through each of the 
polygonal mirror unit 5 are arranged such that the laser 
beam directing from j-1 of the second mirror group to j 
can be passed through a portion between the first mirror 
group M and i-2. In this case, an angle, which is formed 
by the incident angle and the emission angle, on the 
mirror 37Y is defined to be an obtuse angle larger than 
90°. 

The first to third image-form lenses 27, 29 and 31, 
the first mirrors 33 (Y, M, C, B). and the second mirrors 
35 (Y, M, C) are fixed to a plurality of fixing members 
(not shown), which are integrally formed in an interme- 
diate base 1a of the laser exposer unit 1 , with adhesive. 
Also, the third mirrors 37 (Y, M, C) are arranged to be 
movable to at least one direction with respect to the sub- 
scanning direction (shown in FIG. 7 to be described 
later) through a fixing rib and an inclination adjusting 
mechanism, which are integrally formed in the interme- 
diate base 1a. 

There are arranged dust-proof glasses 39 (Y, M, C. 
B) for preventing dust from being entered the inferior of 
the laser exposer unit 1 across the each of optical 
passes between the mirror 33 B and the photosensitive 
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•drum 58B, the mirror 37Y and the photosensitive drum 
58Y, the mirror 37Y and the photosensitive drum 58M 
and the mirror 37C and the photosensitive drum 58C, 
respectively. 

Backing to FIG. 2, the laser beams L (Y, M. C) are 
passed through the optical path including the third mir- 
rors (the number of the mirrors: three), and output from 
the laser exposer unit 1, respectively. As mentioned 
above, the number of the mirrors, which is provided in 
the optical path, is set to an odd number (one or three), 
and this point is useful to adjust the direction of the 
curve of the main-scanning line of each laser beam, 
which is caused by the inclination of any one of lenses, 
to the same phase (direction). 

The following will specifically explain the optical 
characteristic of the hybrid cylinder lens 1 1 Y. 

Regarding the first to third image-forming lenses 
27, 29, and 31 of the post-deflection optical system 21 
(second optical means), these lenses are formed of 
plastic such as PMMA. Due to this, for example, it is 
known that a refractive index n is varied from 1 .4876 to 
1.4789 when the peripheral temperature is varied 
between 0 to 50 °C. In this case, the sub-scanning 
direction image forming position is varied about ±12 
mm when the laser beam, which is passed through the 
first to third image forming lenses 27. 29, and 31. is 
actually condensed on the photosensitive member 58 
(Y M. C, B). 

In order to reduce the above variation, the lenses 
having the same material as lenses used in the post- 
deflection optical system 21 are incorporated into the 
pre-def lection optical system (first optical system) 7 (Y, 
M, C, B) in an optimum curve state. Thereby, the varia- 
tion of the sub-scanning direction image forming posi- 
tion, which is caused by the change of the refractive 
index n due to the temperature change, can be reduced 
to about ±0.5 mm when the laser beam passed through 
the first to third image forming lenses 27, 29, and 31 is 
actually condensed on the photosensitive member 58 
(Y. M. C. B). Due to this, as compared with the conven- 
tional optical system in which the pre-def lection optical 
system 7 (Y. M, C. B) is formed of glass lenses and the 
post-deflection optical system 21 is formed of plastic 
lenses, it is possible to correct the color aberration of 
the sub-scanning direction, which is caused by the vari- 
ation of the refractive index due to the temperature 
change of the lenses of the post-deflection optical sys- 
tem 21. 

As is obvious from FIG. 6, each of the laser beams 
LY, LM, LC. and LB is made symmetrically incident onto 
the optical axis O (optical axis of the system) of the laser 
exposer unit 1 in the sub-scanning direction. In other 
words, the laser beams LY and LB are made symmetri- 
cally incident onto the polygonal mirror 5a to sandwich 
the optical axis O. AJso. the laser beams LM and LC are 
made symmetrically incident onto the polygonal mirror 
5a to sandwich the optical axis O. Therefore, regarding 
the respective laser beams, the optimum post-deflection 
optical system 21 can be obtained at two portions of the 



sub-scanning direction. Due to this, characteristics such 
as the field curve and/or astignatism can be improved. 
In this case, by the optimum post-deflection optical sys- 
tem 21 may be reduced. 

5 The following will explain intensity (amount of light) 

of each laser beam, which is reflected on the mirror 
block 13 and guided to each of the reflecting surfaces of 
the polygonal mirror unit 5. 

As a method for making two or more laser beams 

10 incident onto the reflecting surfaces of the polygonal 
mirror unit 5 as one flux of the laser beam, Japanese 
Patent Application KOKAI Publication No. 5-34612 
already proposes a method in which the laser beams 
are sequentially overlaid on each other by the plate 

15 beamsplitter. However, it is well known that 50% of the 
amount of the laser beam emitted from the laser is 
made useless every reflection and transmission (every 
time when the laser beam is passed therethrough) due 
to the use of the plate beamsplitter. In this case, even if 

20 transmissivity of the plate beamsplitter and reflectance 
thereof are made suitable in accordance with each laser 
beam, light intensity (amount of light) of any one of the 
laser beams to be passed through the plate beamsplit- 
ter is reduced to about 25%. Moreover, it is wen known 

25 that that there is generated a difference between the 
respective laser beams in terms of the field curve and 
astigmatism. The generation of such a difference is 
caused by the following points. 

More specifically, the plate beamsplitter is inclined 

30 in the optical path. Also, the number of the plate beam- 
splitters where the beam is passed through is different. 
On the other hand, since the field curve and astigma- 
tism of the respective laser beams are different, it is dif- 
ficult for all laser beams to be image-formed by the 

35 same finite focal lens and the cylinder lens. 

In contrast, according to the mirror block 13 shown 
in FIG. 4, the laser beams LY, LM, and LC are bent by 
the normal mirror at a position placed before the polyg- 
onal mirror 5a of the polygonal mirror unit 5 and an area 

40 where the respective laser beams are mutually sepa- 
rated in the sub-scanning direction. Therefore, the 
amount of light of each laser beam, which is be supplied 
to the photosensitive member 58 by the polygonal mir- 
ror 5a, can be maintained to be about 90% or more of 

45 the amount of emitted light from the finite focal lens 9. 
Whereby, the output of each laser can be reduced, and 
the aberration of light to be reduced at the photosensi- 
tive member 58 can be corrected to be equal, thereby 
making it possible to reduce the beam spot and lead to 

so high precision. The laser 3B corresponding to B (black) 
is passed through the passing area 13B of the mirror 
block 13 to be guided to the polygonal mirror 5a. Due to 
this, the output capacity of the laser can be reduced, 
and the error of the incident angle onto the polygonal 

55 mirror 5a, which is caused by the reflection from the 
reflecting surface, can be removed. 

FIG. 5 shows only one mirror, which can guide the 
respective laser beams LY, LM, LC, and LB, which are 
passed through the optical path shown in FIG. 3 and 
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deflected to the photosensitive drum 58, to the horizon- 
tal sync detectors. 

In FIG. 5, the mirror block 25 (third optical means) 
has first to fourth mirror surfaces 25Y, 25M, 25C, and 
25B. and a mirror block 25a for holding the mirror sur- 5 
faces 25Y, 25M, 25C, and 25B as one unit. The first to 
fourth mirror surfaces 25Y, 25M, 25C, and 25B are 
formed at a different angle to both the main-scanning 
direction and the sub-scanning direction in order to 
reflect the respective laser beams L (Y, M, C, B) in the 10 
main-scanning direction at a different timing against the 
detector 23, and to provide substantially the same level 
(height) on the detector 23 in the sub-scanning direc- 
tion. 

The mirror block 25a is formed of, for example, is 
polycarbonate containing glass. The respective mirror 
mirror surfaces 25Y, 25M, 25C, and 25B of the mirror 
block 25a are formed to be as one unit at a predeter- 
mined angle. Or, metallic material such as aluminum is 
deposited on portions cut from the mirror block 25a. The 20 
mirror surfaces are shaped to be removed from the 
mold without providing an under-cut at the portions cor- 
responding to the mirror surfaces. 

As mentioned above, the respective laser beams 
LY, LM. LC and LB, which are deflected by the polygonal 25 
mirror unit 5, can be made incident onto one detector 
23. In addition, there can be solved the problem of sen- 
sitivity of each detector and the shift of the horizontal 
sync signal, which are caused in the unit having the plu- 
rality of detectors. It is needless to say that the laser 30 
beams are made incident onto the detector 23 four 
times per one line of the main-scanning direction by use 
of the mirror block 25. 

Back to FIG. 2, the following will explain the rela- 
tionship among the inclination of each of the laser 35 
beams L (Y, M, C, B), the mirror 33B (first optical ele- 
ment), and the mirrors 37 (Y, M, C)(second optical ele- 
ment). 

As explained above, the laser beams L (X M, C, B) 
to which the predetermined aberration characteristics 40 
are provided through the first to third tone lenses 27, 29. 
and 31 after being reflected by the polygonal mirror 5a, 
are separated and/or bent in the predetermined direc- 
tion through the first mirrors 33 (Y, M, C, B). 

The laser beam LB corresponding to B (black 45 
image) is reflected by the first mirror 33B. and passed 
through the dustproof glass 39B to be guided to the 
photosensitive member 58B, has bem diserived. The 
other laser beams L (Y, M, C) are guided to the second 
mirrors 35 (Y, M. C). respectively, and reflected toward so 
the third mirrors 37 (Y, M. C) by the second mirrors 35 
(Y M, C). The respective laser beams L (Y, M, C). which 
are reflected by the third mirrors 37 (Y, M, C), are image- 
formed on the photosensitive member 58 (Y. M, C) with 
substantially an equal interval through the dustproof ss 
glasses 39 (Y, M, C). 

As explained above, the laser beam LB emitted 
from the laser 3B is passed through the pre-deflection 
optical system 7B excepting the mirror block 13, that is, 



the finite focal lens 9 and the hybrid cylinder lens 1 1B, 
and reflected by the polygonal mirror 5a. Thereafter, the 
laser beam LB is passed through the post-deflection 
optical system 21. that is, the first to third toric lenses 
27, 29, and 31, and reflected by the mirror 33B to be 
emitted to the outer unit of the laser exposer unit 1 . In 
other words, the laser beam LB. which is emitted from 
the laser 3B, is reflected by only the polygonal mirror 5a 
and the mirror 33B, and emitted from the laser exposer 
unit 1. Thereby, the laser beam LB, which is guided by 
only one mirror 33B after deflection, can be ensured. In 
a case where a plurality of mirrors is presented in the 
optical path, the laser beam LB is useful as a reference 
beam of light in relatively correcting the other laser 
beams in connection with the variation of the aberration 
characteristics of the image-formed surface, which is 
increased (multiplied) in accordance with the number of 
the mirrors, and the tilt of the main-scanning direction. 

In the case where the plurality of mirrors is pre- 
sented in the optical path, the number of the mirrors 
relating to the respective laser beams after deflection is 
preferably set to be an odd number or an even number. 
In other words, as shown in FIG. 2, the number of the 
mirrors after deflection relating to the laser beam LB is 
one (odd number) excepting the polygonal mirror 5a of 
the polygonal mirror unit 5. and the number of the mir- 
rors relating to each of the laser beams LC. LM. and LY 
is three (odd number). It is assumed that the second 
mirror 35 relating to any one of the laser beams is omit- 
ted. The direction of the curve of the main-scanning line, 
which is caused by the inclination of the lens of the laser 
beam (even number) passing through the optical path 
where the second mirror 35 is omitted, is opposite to the 
direction of the curve of the main-scanning line, which is 
caused by the inclination of the other laser beams (odd 
number). As a result, there occurs a color shift in repro- 
ducing a predetermined color. 

Therefore, the number of the mirrors provided in the 
optical path of each of the laser beams L (Y, M, C, B) is 
set to be substantially the odd or even number in over- 
laying four laser beams (Y, M, C, B) to reproduce a pre- 
determined color. 

FIG. 7 is a schematic perspective view showing a 
support mechanism of the third mirrors 37 (Y, M, C) 
(second optical elements). 

In FIG. 7, each of the third mirrors 37 (Y, M, C) is 
supported at a predetermined position of the intermedi- 
ate base 1a of the laser exposer unit 1 by each of fixing 
sections 41 (Y, M, C). which are formed to be integral 
with the intermediate base 1a, and each of mirror hold- 
ing plate springs 43 (Y M, C), which are opposite to the 
fixing sections 41 to sandwich the corresponding mirror. 

The fixing sections 41 (Y, M, C) are formed to be 
paired with each other at both end portions in the longi- 
tudinal direction of each of the mirrors (Y, M. C). On one 
of the pair of the fixing sections 41 , there are formed two 
projections 45 for holding the mirrors 37 at two points. 
As shown by a dotted fine of FIG. 7. ribs 46 may be used 
instead of two projections 45. On the other pair of the 
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fixing sections 41, there are provided top screws 47 to 
movably support the mirrors by the projections along 
the optical axis. 

The stop screws 47 move back and forth, thereby 
the mirrors 37 are moved in the direction of the optical 
axis in a state that the axis line defined by the projec- 
tions 45 is used as a fulcrum. According to the above 
method, the inclination of the scanning direction, which 
is the curve of the main-scanning line, can be adjusted. 
However, the shift of the parallel distance (the pitch) of 
the sub-scanning direction cannot be corrected. 

The above problem can be solved by the change of 
a horizontal write timing (to be described later) with ref- 
erence to FIGS. 11 and 12. 

FIG. 8 is a schematic cross sectional view showing 
a conventional multi-beam laser exposer unit. 

In a case when, a diameter D of each of the photo- 
sensitive drum 58 (Y, M, C, B) is 30 mm, a distance C of 
each of the photosensitive drum 58 (Y, M, C, B) is 75 
mm, and a synthetic focal length of the image-form 
lenses 27, 29 and 31 is 312 mm, a distance a from a 
bottom of the laser exposer unit 1 to a top of each of the 
photosensitive drum 58 (Y, M, C, B) is 26. 1 mm in the 
unit shown in FIG. 2. In contrast, using same drums and 
same arrangement in FIG. 8, the distance p is 21.75 
mm. Then, the distance a between the top of each drum 
58 (Y, M, C. B) and the bottom of the laser exposer unit 
1 of the present invention (shown in FIG. 2) is larger 
than the distance of the conventional laser exposer unit 
of FIG. 8. 

FIGS. 9 and 10 are schematic cross sectional views 
showing modifications of the multi-beam laser exposer 
unit of FIG. 2. 

In the arrangement shown in FIG. 9 has a same 
drums and same distance of each drums of FIG. 2, a 
large space is formed in the image forming unit 50B 
including the photosensitive drum 50B as compared 
with the other image forming units 50Y, 50M and 50C 
corresponding to the other colors. With respect to posi- 
tions of the mirrors 33M, 35M. 33Y and 35Y are defined 
at predetermined positions. When, the positions of the 
mirrors 33M, 35M, 33Y and 35Y are arranged of FIG. 9, 
the space between the laser exposer unit 1 and the top 
of the drum 58B is 1.75 a compared with the space 
shown in FIG. 2. Also, in the arrangement of FIG. 1 0 has 
a same drums and same distance of each drums of 
FIG. 2, a space, which is larger than the case of FIG. 9, 
is formed in the image forming unit 50B. When, the posi- 
tions of the mirrors 33M, 35M, 33Y and 35Y are 
arranged of FIG. 10, the space between the laser expo- 
sure unit 1 and the top of the drum 58B is 1,8 a com- 
pared with the space shown in FIG. 2. 

FIG. 1 1 is a schematic block diagram of an image 
controlling section for controlling an image forming 
operation of the image forming unit of FIG. 1 . 

An image forming unit 100 includes an image con- 
trol section 110. 

The image forming section 110 has a plurality of 
control units such as an image control CPU 1 1 1, a tim- 



ing control section 113. data control sections 115Y, 
1 15M, 1 15C, and 1 1 5B corresponding to the respective 
color separated components. 

The image control CPU 1 1 1, the timing control sec- 

5 tion 113, and data control sections 115 are mutually 
connected to each other through a bus line 112. 

A main control unit 101 is connected to the image 
control CPU 111. The main control unit 101 controls an 
operation of the mechanical elements of the image 

w forming unit 100 such as a motor or a roller through the 
bus line 112. Also, the main control unit 101 controls a 
voltage value or an amount of current to be applied to 
the electrical elements such as the charge units 60, the 
develop units 62, or the transfer units 64. 

15 A ROM (read only memory), a RAM 102 (random 
access memory), and a nonvolatile memory 103 are 
connected the main control unit 101. The ROM stores 
initial data for operating the unit 100 or a test pattern 
(not shown). The RAM 102 temporarily stores input 

20 image data or compensation data calculated in accord- 
ance with the outputs of the resist sensors 78 and 80. 
The nonvolatile memory 103 stores various compensa- 
tion data obtained by an adjusting mode to be described 
later. 

25 The timing control section 113 includes image 
memories 1 1 4 (Y. M. C, B), laser device sections 1 16 (Y, 
M. C. B), a resist compensation calculation unit 117. a 
timing setting unit 1 18. and voltage controlled oscillators 
(VCO) 119 (Y, M, C, B). 

30 The image memories 1 14 store image data of the 
respective color separated components. 

The laser drive sections 1 16 drive lasers 3 (Y, M, C, 
B) to provide irradiation of the laser beams to the 
respective photosensitive members 58 based on the 

35 respective image data stored in the image memories 
114. 

The resist compensation calculation unit 117 calcu- 
lates an amount of compensation of timing for writing 
the image from the laser beams L (Y, M, C, B) based on 
40 the outputs of the first and second resist sensors 78 and 
80. 

The timing setting unit 118 defines timing for oper- 
ating the respective mechanical elements of the respec- 
tive image forming units 50 and the lasers 3 of the laser 

45 exposer unit 1 . 

The voltage controlled oscillators 119 correct an 
error of a length of a scanning line, which is peculiar to 
the respective image forming units 50, and a shrft 
caused by each optical path of the laser exposer unit 1 . 

so The timing control section 1 1 3 is a microprocessor 
including the RAM section for storing compensation 
data therein. The timing control section 113 is used in, 
for example. ASIC (Application Specific Integrated Cir- 
cuit) based on the individual specification. 

55 The respective data control sections 1 1 5 are micro- 
processors including a plurality of latch circuits and OR 
gates. The data control sections 115 are also used in, 
for example, ASIC. . 
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The resist compensation calculation unit 1 1 7 is a 
microprocessor including at least four pairs of compara- 
tors and OR gate. Also, the resist compensation calcu- 
lation unit 1 17 is used in, for example, ASIC. 

The VOCs 1 19 are oscillators, which can vary a fre- s 
quency to be output in accordance with the voltage to 
be applied. The VOCs 119 have a frequency variable 
range of about ±3. As this type of oscillators, a harmonic 
oscillator, an LC oscillator, or a simulated reactance var- 
iable LC oscillator can be used. Moreover, as VOC 119, 10 
there is known a circuit device in which a converter for 
converting an output waveform from a sine wave to a 
rectangular wave is incorporated. 

In the respective memories 114, image data, which 
is sent from an outer storage unit (not shown) or a host is 
computer, is stored. 

Moreover, the output of the horizontal sync detector 
23 of the laser exposer unit 1 is converted to a horizon- 
tal sync signal H-sync through a horizontal sync signal 
generator 121, and input to the timing control section so 
113 and respective data control sections 115. 

The following will explain an operation of the image 
forming unit 100 with reference to FIGS. 1 and 11. 

The image forming 100 can be operated in two 
modes, that is, an image forming (normal) mode for 25 
forming an image on paper P transferred through the 
transfer belt 52. and a resist compensation (adjustment) 
mode for directly forming an image on the transfer belt 
52. 

The following will explain the resist compensation 30 
(adjustment) mode. 

FIG. 12 is a perspective view showing a cut portion 
in the vicinity of the transfer belt of the image forming 
unit shown in FIG. 1 to explain the resist compensation 
mode As already explained, the resist sensors 78 and 35 
80 are arranged to have a predetermined interval in the 
width direction of the transfer belt 52, that is, the sub- 
scanning direction H. A line (imaginary line) connecting 
to the mutual center of the resist sensors 78 and 80 is 
defined to be substantially parallel to the axial line of the 40 
respective photosensitive members 58. Preferably, the 
line connecting to the center of the resist sensors 78 
and 80 is provided to be correctly parallel to the photo- 
sensitive member 58B of the image forming unit SOB. 

The belt device roller 56 is rotated in the direction of 45 
an arrow, thereby the transfer belt 52 is moved to the 
direction where an area 52a is directed from the roller 
54 to the roller 56 (hereinafter this direction called "sub- 
scanning direction H"). In the resist compensation 
mode, two pairs of test modes 178 (Y, M, C, B) and test so 
modes 180 (Y, M. C, B) are formed on the transfer belt 
52 to have a predetermined distance in a direction per- 
pendicular to the sub-scanning direction H, that is. a 
main-scanning direction V. The test images 178 and 
180 are formed to correspond to image data for resist ss 
adjustment, which is stored in ROM in advance. The 
test images 178 and 180 are moved along the sub- 
scanning direction H in accordance with the movement 
of the transfer belt 52, and passed through the resist 



sensors 78 and 80. As a result, a shift between the test 
images 1 78 and 180 and the resistor sensors 79 and 80 
can be detected. In the resist compensation mode, the 
roller 72 for feeding paper P from the cassette 70 and 
the fixing unit 80 are maintained to be stopped. 

More specifically, the first to fourth image forming 
units 50 (Y, M. C. B) are driven by the control of the main 
control unit 101. a predetermined voltage is applied 
onto the surface of each of the photosensitive members 
58 of each of the image forming units 50. At the same 
time, the polygonal mirror 5a of the polygonal mirror unit 
5 of the laser exposer unit 1 is rotated at a predeter- 
mined speed by the control of the image control CPU 
1 1 1 of the image control section 110. 

Sequentially, image data, which corresponds to the 
test image fetched from ROM, is fetched to the respec- 
tive image memories 114 by the control of the image 
control CPU 111. Thereafter, a vertical sync signal V- 
sync is output from the timing control section 113 based 
on timing data, which is set by the timing setting unit 

118, and resist compensation data, which is stored in 
the initial RAM of the timing control section 113. In a 
case where resist compensation data is not stored in 
the internal RAM, initial data stored in the ROM is used. 

The vertical sync signal V-sync, which is output 
from the timing control section 113. is supplied to the 
respective data control sections 115. 

The corresponding lasers 3 are operated by the 
corresponding laser drive sections 116, which are 
based on the vertical sync V-sync, and the laser beams 
L emitted from the lasers 3 are detected by the horizon- 
tal sync detector 23. Then, a predetermined clock num- 
bers of the VC0 119 (initial data stored in the ROM is 
used till the output is input from the resist sensors 78 
and 80) is counted after the horizontal signal H-sync is 
counted after the horizontal sync signal H-sync is output 
from the horizontal sync signal generator 121. At this 
time, oscillation frequency data, which is initial data 
stored in the ROM, is supplied to the respective VOCs 

119. After counting the predetermined clock, image 
data stored in the image memories 1 14 is output by a 
predetermined timing. 

Thereafter, by the control of the respective data 
control sections 1 15, a laser drive signal corresponding 
to image data is output to the respective lasers from the 
respective laser drive sections 116. Then, the laser 
beams L, which are intensity-modulated, are output 
from the respective lasers 3 based on image data. 
Therefore, the electrostatic latent image, which corre- 
sponds to test image data, is formed on the respective 
photosensitive members 58 of the respective image 
forming units 50 in which the predetermined voltage is 
set. By use of the respective developing units 62. the 
electrostatic latent image is developed with toner to 
which the corresponding color is provided, and con- 
verted to the toner image, which is paired of four colors. 

Two test images, each which is paired of four colors 
Y, M, C, B) and formed on the respective photosensitive 
members 58. are transferred onto the transfer belt 52 
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through the transfer units 64, and delivered to the resist 
sensors 78 and 80. When two test toner images are 
passed through the resist sensors 78 and 80, the resist 
sensors 78 and 80 output a predetermined output, 
which corresponds to the relative position of the respec- 5 
tive test toner images wherein the positions of the resist 
sensors 78 and 80 are set as a reference position, that 
is, the shift of the test toner images. The test toner 
images formed on the transfer belt 52 are further trans- 
ferred with the rotation of the transfer belt 52, and 10 
removed by the belt cleaner 82. 

The respective outputs from the resist sensors 78 
and 80 are input to the resist compensation calculation 
unit 1 1 7 to be used in the calculation of the shift of the 
respective test toner images. 15 

The resist compensation calculation unit 117 
detects the shift of the position of each pair of test toner 
images of each color, that is, 178Y and 180 Y, 178M, 
and 180M, 178C, and 180C, and 178B and 180B 
formed to be separated by a predetermined distance in 20 
the sub-scanning direction. After the detection, the unit 
117 calculates the average value, and defines an 
amount of compensation Vr of timing to output the verti- 
cal sync signal V-sync based on the difference between 
the calculated average value and the predetermined 25 
design value. Whereby, the shift, which is caused by the 
overlap of four images, in the sub-scanning direction is 
removed. In other words, the light-emitting timing of the 
respective lasers 3 of the exposer unit 1 is adjusted. In 
other words, the shift, which is caused when the dis- 30 
tances between the respective image forming units 50 
are different from each other, are removed. Then, there 
is removed the shift between the respective laser 
beams L emitted from the laser exposer 1 in connection 
with the distance in the sub-scanning direction. 35 

Moreover, the resist compensation calculation unit 
1 1 7 detects the shift of the position of each of the test 
toner images 178 (Y, M, C, B) in the main-scanning 
direction. After the detection, the unit 1 1 7 calculates the 
average value, and defines an amount of compensation 40 
Hr of timing to output image data after the output of the 
horizontal sync signal H-sync based on the difference 
between the calculated average value and the predeter- 
mined design value. Whereby, there is adjusted timing 
in which the laser beams U which are emitted from the 45 
respective lasers 3 of the laser exposer unit 1 , are inten- 
sity-modulated by image data. In other words, the writ- 
ing position of image data to be recorded onto the 
respective photosensitive members 58 of the respective 
image forming units 50 is adjusted in the main-scanning so 
direction. 

Furthermore, the resist compensation calculation 
unit 117 detects the shift of the position of each pair of 
test toner images of each other, that is, 178Y and 180Y, 
178M and 180M, 178C and 180C. and 178B and 180B 55 
in the main-scanning direction. After the detection, the 
unit 117 calculates the average value, and defines an 
amount of compensation Fr of the oscillation frequency 
to be output from VOCs 119 based on the difference 



between the calculated average value and the predeter- 
mined design value. 

Whereby, the length of the respective laser beams 
in the main-scanning direction per one clock, that is, the 
length of one line in the main-scanning direction to be 
image-formed on the respective photosensitive mem- 
bers 58, is adjusted. 

The above amounts of compensation Vr, Hr, and Fr, 
which are obtained by the resist compensation calcula- 
tion unit 117, are temporarily stored in the RAM of the 
timing control section 113. In this case, Vr, Hr, and Fr 
may be stored in the nonvolatile RAM 103. Moreover, 
these compensation operations are executed by the 
predetermined timing such as time when the compen- 
sation mode is selected by a control panel (not shown), 
time when a power supply switch (not shown) of the 
image forming unit 100 is turned on, or time when a 
number of papers to be printed, which is counted by a 
counter (not shown), reaches a predetermined number 
of papers. 

The following will explain the image forming (nor- 
mal) mode. 

An image forming start signal is supplied by a con- 
trol panel (not shown) or a host computer, so that the 
respective image forming units 50 are wormed up by the 
control of the main control unit 101. and the polygonal 
mirror 5a of the polygonal mirror unit 5 is rotated at a 
predetermined rotation speed by the control of the 
image control CPU 111. 

Sequentially, image data to be printed is fetched to 
the RAM 102 from the outer memory unit, the host com- 
puter, or the scanner (image reading unit). A part (or all) 
of image data fetched into the RAM 102 is stored in 
each image memories 114 by the control of the image 
control CPU 111 of the image control unit 110. Moreo- 
ver, the feeding roller 72 is driven by the control of the 
main control unit 101 in a state that a predetermined 
timing such a vertical sync signal v-sync is used as a 
reference, thereby one paper P is picked up from the 
paper cassette 70. Then, the respective toner images Y, 
M t C, and B, which are provided by the image forming 
units 50, and the timing are adjusted by the resist roller 
74. The picked up paper P is adhered to the transf er belt 
52 by the absorption roller 76, and guided to the respec- 
tive image forming units 50 in accordance with the rota- 
tion of the transfer belt 52. 

On the other hand, at the same time with the paper 
feeding and transferring operations, the vertical sync 
signal V-sync is output ed from the timing control unit 
113 based on data set by the timing setting unit 118, 
resist data read from the internal RAM of the timing con- 
trol unit 113, and clock data. 

When the vertical sync signal V-sync is output from 
the timing control unit 113, the respective laser drive 
units 116 are driven by the respective data control units 
1 15. Then, irradiation of each of the laser beams for one 
line in the main-scanning direction is provided to the 
respective photosensitive members 58 of the respective 
image forming units 50 form the respective lasers 3. 
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The number of clocks of the respective VCOs 1 1 9 is 
counted just after the input of the horizontal sync signal 
H-sync, which is generated by the horizontal sync signal 
generator 121, based on the laser beam for one line. 
When the number of clocks of the respective VCOs 119 
reaches a predetermined value, image data to be 
printed read from the respective image memories 114. 
Sequentially, in order to intensity-modulate the respec- 
tive laser beams from the respective lasers 3, image 
data is transferred to the respective laser drive units 116 
by the control of the respective control units 115, so that 
an image having no shift is formed on the respective 
photosensitive members 58 of the respective image 
forming units 50. 

As a result, the respective laser beams, which are 
guided to the respective photosensitive members 58. 
are correctly image-formed on the respective photosen- 
sitive members 58. At this time, no influence of the devi- 
ation of the optical path, which is form the respective 
lasers 3 to the respective photosensitive members 58, is 
exerted on the above image formation. Moreover, the 
above image formation is not influenced by the variation 
of the position of each photosensitive member 58, 
which is caused by the deviation of the diameter of the 
respective photosensitive members 58. 

Each of the photosensitive members 58 is charged 
to a predetermined potential, and the potential is 
changed based on image data, whereby an electrostatic 
latent image corresponding to image data is formed on 
each of the photosensitive members 58. Each of the 
developing units 62 develops the electrostatic latent 
image with toner having a corresponding color to be 
converted to an toner image. 

Each toner image is moved to paper P, which is 
delivered by the transfer belt 52, with the rotation of 
each of the photosensitive member 58, and transferred 
onto paper P on the transfer belt 62 at a predetermined 
timing by the transfer unit 64. 

Whereby, the toner image in which four colors are 
correctly overlaid on paper P is transferred on paper R 
After the toner image is transferred onto paper P, the 
residua! toner and the residual voltage, which are left on 
the respective photosensitive members 58, are 
removed by the respective cleaners 66 and the respec- 
tive discharge lamps 68 to be used in the sequential 
image formation. 

Paper P in which the four-colored toner image is 
electrostatically maintained is further transferred with 
the rotation of the transfer belt 52, and separated from 
the transfer belt 52 by the difference between the curva- 
ture of the belt drive roller 56 and linearity of paper P to 
be guided to the fixing unit 84. Paper P guided to the fix- 
ing unit 84 is discharged to a cfischarge tray (not shown) 
after toner is melted and the toner image as a color 
image is fixed by the fixing unit 84. 

On the other hand, the transfer belt 52 in which 
paper P is already supplied to the fixing unit 84 is further 
rotated. As a result, undesired toner left on the surface 
is removed by the belt cleaner 82, and the transfer belt 



52 is used in the transfer of paper P to be supplied from 
the cassette 70. 

Claims 

5 

1. An optical exposer unit characterized by compris- 
ing: 

scanning means (5) for continuously reflecting 
10 a plurality of light beams toward a scanning 

object; 

image-forming means (21) for image-forming 
the light beams reflected by said scanning 
means on a predetermined position of the 
is scanning object; said image-forming means 

including: 

optical means (27, 29 and 31) for providing a 
predetermined optical characteristic to each of 
the light beams; 
20 first reflecting means (33M, 37M, 35M) pro- 

vided between said optical means and the 
scanning object with respect to the light beams; 
and 

second reflecting means (33C, 35C, 37), pro- 
25 vided at the side of the scanning object rather 

than said first reflecting means with respect to 
the light beams, for crossing at least two of the 
light beams reflected by the first reflecting 
means each other so as to further reflect the 
30 light beams toward the scanning object. 

2. The optical exposer unit according to claim 1 , char- 
acterized in that said second reflecting means of 
said image-forming means reflects at least one of 

35 the light beams reflected by said first reflecting 
means such that an angle formed by an incident 
angle and a reflection angle is obtuse so as to be 
guided to the scanning object 

40 3. The optical exposer unit according to claim 2, char- 
acterized by further comprising: 

second optical means, provided in a front state 
of the scanning means, for putting the plurality 
45 of light beams together to form a group of light 

beams as one flux of light ray. 

4. The optical exposer unit according to claim 1 , char- 
acterized in that said first reflecting means of said 

so image forming means includes i number of reflec- 
tors for reflecting a first one of the laser beams 
toward the scanning object and said second reflect- 
ing means of said image forming means includes j 
number of reflectors for reflecting a second one of 

55 the laser beams toward the scanning object, 
wherein at least two or more reflectors of said first 
reflecting means are provided with respect to the 
first one of the light beam passing through the far- 
thest position from the scanning object to sandwich 
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an optical axis therebetween among the light 
beams passed through said optical means, and 
wherein at least two or more reflectors of said sec- 
ond reflecting means are provided with respect to 
the second one of the light beam passing through a 5 
position between the first light beam and the optical 
axis, and the reflectors of each of said first and sec- 
ond light reflecting means are arranged such that 
the second one of the light beams directing from a 
reflector j-1 (35C) of said second reflecting means 10 
to a reflector j (37C) is passed between a reflector 
i-1 (35M) of said first reflecting means and a reflec- 
tor i-2 (33M) of said first reflecting means. 

5. The optical exposer unit according to claim 4, char- 15 
acterized in that said second reflecting means of 
said image-forming means reflects at least one of 
the light beams reflected by said first reflecting 
means such that an angle formed by an incident 
angle and a reflection angle is obtuse so as to be 20 
guided to the scanning object. 

6. An optical exposer unit comprising: 

a first light source (3M) for emitting a first light 25 
beam corresponding to a first image; 
a second light source (3C) for emitting a sec- 
ond light beam corresponding to a second 
image; 

first optical means (3) for putting the first and 30 
second light beams sent from said first and 
second light sources together to form a group 
of light beams as one flux of light ray; 
scanning means (5) for continuously reflecting 
the group of light beams put together by said 35 
first optical means toward a scanning object; 
a second optical means (21) for separating the 
group of light beam passed through said scan- 
ning means into the first and second light 
beams again, and for providing a predeter- 40 
mined optical characteristic to the first and sec- 
ond light beams such that each of the first and 
second light beams has a predetermined cross 
sectional shape when each of the first and sec- 
ond light beams reaches the scanning object; 45 
first reflecting means (33M, 35M, 37C) includ- 
ing i number of reflectors, and a number of said 
first reflecting means being at least two or more 
with respect to the first light beam passing 
through the farthest position from the scanning so 
object to sandwich an optical axis therebe- 
tween among said light beams passed through 
said second optical means; and 
second reflecting means (33C, 35C, 37C) 
including j number of reflectors, and a number 55 
of said second reflecting means being at least 
two or more with respect to the second light 
beam passing through a position between the 
first light beam and the optical axis, said sec- 



ond light reflecting means arranged such that 
the light beam directing from a reflector j-1 
(35C) of said second reflecting means to a 
reflector j (37C) is passed between a reflector i- 
1 (35M) of said first reflecting means and a 
reflector i-2 (33M), and said second reflecting 
means reflecting the first light beam such that 
an angle formed by an incident angle and a 
reflection angle is obtuse so as to be guided to 
the scanning object. 

7. An image forming apparatus comprising: 

a plurality of image carrier members (58M, 
58C); 

an optical exposer unit (1), having: 

a plurality of light sources (3M, 3C) arranged to 

correspond to said plurality of image earner 

members, 

scanning means (5) for continuously reflecting 
light beams emitted from said plurality of light 
sources toward a predetermined position of the 
corresponding image carrier members, 
optical means (7M, 7C) for providing a prede- 
termined optical characteristic to each of said 
plurality of the light beams, and 
image-forming means (21, 33M. 35M, 37M. 
33C, 35C. 37C) for image-forming the light 
beam reflected by said scanning means onto a 
predetermined position of said image carrier 
member, said image forming means including 
first reflecting means first reflecting means pro- 
vided between said optical means and said 
image carrier member with respect to each of 
said plurality of the light beams, and second 
reflecting means, provided at the side of said 
image carrier member rather than said first 
reflecting means with respect to each of said 
light beams, for crossing at least two of the light 
beams reflected by said first reflecting means 
each other so as to further reflect the light 
beams toward said image carrier member; and 
a plurality of developing unit (62M, 62C) for 
supplying developing agent to an latent image 
formed on each of said image carrier member 
by said laser exposer unit so as to form a devel- 
oping image. 
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(54) Image forming apparatus 

(57) The present invention provides an optical 
exposer unit having a large space for containing black 
toner, and a color image forming apparatus comprising 
the optical exposer unit In an optical exposer unit (1), 
first and second laser beams (LY and LM), which are 
reflected on the respective reflection surfaces of a 
polygonal mirror unit (5) and passed in a direction far- 
ther from tops of photosensitive drums (58) than an opti- 
cal axis of an optical system including first to third 
image-forming lenses (27, 29 and 31), are reflected on 



second mirrors (35Y and 35M). and mutually crossed 
each other so as to be guided to the photosensitive 
drums (58) corresponding to third mirrors (37Y and 
37M). Thereby, a sufficient space is provided to the sur- 
roundings of a black image forming section. Therefore, 
the space for containing block toner can be largely 
ensured as compared with the space for containing the 
other color toner. 
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